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CONSTRUCTION  OF 
l^WPERATURE-ENTROPY  CHARTS 
4EM0NIA  VAPOR. 

I        Use  of  the  Temperature  -  Entropy  Chart . 

A  temperature-entropy  chart  for  a  given  vapor  is  a  graphic 
diagram  which  exhibits  simultaneously  the  temperature,  entropy, 
and  volume  of  a  mixture  of  one  pound  of  the  vapor  and  liquid  at 
a  given  pressure  and  of  a  stated  quality  x.        Such  a  chart  is 
very  useful  in  the  solution  of  problems  relating  to  the  changes 
of  state  of  the  vapor  in  question.        By  means  of  it  we  may  find 
the  heat  added,  or  abstracted  by  isothermal  compression  or  expan- 
sion;   the  change  off  volume  and  temperature  for  adiabatic  expan- 
sion or  compression;  also  the  change  of  quality  for  a  given  change 
of  state. 

This  thesis  has  for  its  object  the  construction  of  temperature- 
entropy  charts  for  the  vapor  of  ammonia  both  saturated  and  super- 
heated.       It  was  the  original  intention  of  the  writer  to  construct 
charts  for  other  vapors  commonly  used  in  refrigeration,  viz.  SO^ , 
and  C02 ,  but  for  lack     f  time  only  the  ammonia  charts  have  been 
constructed. 

Before  proceeding  to  the  description  of  the  charts  and  of 
the  methods  used  in  constructing  them,  it  will  be  well  to  discuss 
(1)  the  nature  of  entropy  and  (2)  the  general  properties  of  refrig- 
erating- fluids  especially  ammonia. 


II  General      Discussion      of  Entropy. 

The  indicator  diagram  represents  by  an  area  the  work  done  per 
stroke  in  foot  pounds,  having  for  its  co-ordinates  pressure  and 
volume.        In  the  same  way  temperature-entropy  diagrair  is  a  graphic 
representation  of  the  successive  thermal  changes  in  a  body,  pro- 
duced by  the  simultaneous  variations  of  two  of  the  co-ordinates, 
characterizing  its  condition,  -  viz.  temperature  and  entropy. 

Temperature  can  be  defined  as  that  quality  of  a  body  which  de- 
termines the  intensity  of  its  heat  energy.        Entropy  however  is 
not  easily  definable.        Although  it  belongs  to  a  body  in  the  same 
way  as  pressure  and  volume,  it  does  not  correspond  to  an  external 
attribute.        It  is  represented  by  the  length  on  a  diagram,  which 
has  for  its  height  absolute  temperature  and  for  its  area  the  total 
heat  energy. 

Thus  any  change  in  the  heat  condition  results  in  a  change  of 
entropy;  the  amount  of  change  being  equal  to  the  sum  of  the  heat 
elements  added  or  subtracted,  each  being  divided  by  the  absolute 
temperature  of  the  substance  at  the  time  of  the  change.      Thus  if 
the  heat  dQ-^  is  added  at  the  absolute  temperature  T-^  ,  dQg  at  Tg» 
dQ3  at  T~,  etc.,  the  change  of  entropy      during  the  process  is 
t  ~^l+J&2+jm+   , 

JL  mi  O 

or  in  general 

Change  of  temperature  i-s  represented  by  change  of  vertical 
height,  and  change  of  entropy  is  represented  by  change  in  the 
horizontal  width, 

A  greater  part  of  the  following  discussion  is  taken  from  the 
paper  presented  by  Mr.  Geo.  Richmond  before  the  American  Society 


of  Mechanical  Engineers.     (  Vol.  19,  page  477  ) 

The  temperature-entropy  unlike  the  indicator  diagram  cannot 
be  traced  automatically  hut  it  can  be  so  easily  constructed  that 
we  can  conceive  the  tracing  points  linked  together  by  such  a  mech- 
anism, that,  while  the  ordinate  of  the  p-v  diagram  is  sweeping  out 
areas  representing  work  done  by  or  on  the  substance,  the  temperatur 
ordinate  is  concurrently  sweeping  out  areas  representing  heat  ap- 
plied or  heat  removed.      In  a  closed  cycle  the  pencil  on  each  dia- 
gram will  return  to  its  starting  point  at  the  same  time,  and  the 
two  together  will  give  a  complete  history  of  the  transaction. 
The  one  will  have  traced  a  closed  area  representing  either  the 
net  work  obtained  or  the  net  work  done,  while  the  closed  work 
traced  by  the  other  pencil  represents  the  net -amount  of  heat 
missing,  or  the  net  amount  by  which  it  is  increased.         The  two 
areas  are  equivalent  the  one  representing  foot  pounds  and  the 
other  in  heat  units,  the  heat  that  has  been  converted  into  work 
or  conversely.        The  fact  that  these  two  areas  are  equivalent  is 
an  expression  of  the  first  law  of  thermodynamics,  and  for  this 
purpose  any  coordinates  fulfilling  this  condition  would  have  ans- 
wered.       The  choice  of  the  absolute  temperature  as  one  of  the  co- 
ordinates is  an  expression  of  the  second  law.        Take  for  example 
the.  Carnot  cycle  bounded  by  two  isothermals  and  two  adiabatics. 
The  temperature-entropy  finger  of  our  supposed  instrument  would 
trace  out  a  rectangle  (  Fig.  1  )  which  is  a  complete  heat  record. 
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Comparing  point  by  point  the  two  diagrams- 

1  to  2,  addition  of  heat  at  constant  temperature:  isothermal  ex- 
pansion. 

2  to  3,  reduction  of  temperature  without  addition  or  removal  of 
heat:  adia"batic  expansion. 

3  to  4,  removal  of  heat  at  constant  temperature:  isothermal  com- 
pression. 

4  to  1,  increase  of  temperature  without  addition  or  removal  of  heat: 
adiabatic  compression. 

» 

The  quantity  of  heat  added  in  passing  from  1  to  2  is  repre- 
sented by  a  rectangle,  whose  height  is  the  absolute  temperature. 
The  width  of  this  rectangle  is  therefore  the  quotient  of  two  known 
quantities.        If,  for  example,  the  passage  from  1  to  2  represents 
the  evaporation  of  one  pound  of  water  at  30  pounds  pressure, 
cooresponding  to  an  absolute  temperature  of  773  degrees  and  a  latent 
heat  of  896  thermal  units,  the  width,  or  entropy,  is  896/773=1 • 157 . 
If  on  the  other  hand,  a  perfect  gas  is  expanded  at  the  same  temper- 
ature isothermally  from  1  to  2,  we  know  that  in  this  case  the 
work  done,  as  shown  on  the  indicator  diagram,  is  exactly  equivalent 
to  the  heat  supplied,  as  shown  on  the  heat  diagram.        We  also 
know  that  if  r  is  the  ratio  of  expansion,  this  work  area  is  equal 
to  RTlog  r.        This  divided  by  773,  to  convert  it  from  foot  pounds 
to  thermal  units,  is  the  area  of  the  rectangle,  and  its  width  must 
be  obtained  by  dividing  by  T;  that  is,  the  width,  or  entropy,  in 
this  case,  is  Rlog  r. 
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III  Deductions  from  the  Temperature  -  Entropy  Diagrams. 

(  Taken  from  Hutton's  Heat  and  Heat  Engines.) 

(a)  When  heat  passes  from  one  body  to  another,  the  entropy  of  the 
system  is  increased.        For  since  heat  passes  only  from  a  warmer 

to  a  colder  "body,  the  width  of  the  resulting  lower  temperature  heat 
area  must  be  greater  than  the  width  of  the  equal  but  higher  temper- 
ature heat  area. 

(b)  The  entropy  of  the  world  tends  toward  a  max "mum,  this  is  another 
way  of  saying  that  the  tendency  of  heat  is  to  settle  down  to  a 
uniform  level;  each  transfer,  which  must  be  downward,  increasing 

the  entropy. 

(c)  If  two  bodies  have  different  temperatures,  a  portion  of  the 
heat  of  the  higher  temperature  body  can  be  converted  into  work  by 
a  suitable  heat  engine,  the  remainder  being  tra^  Si'erred  to  the 
colder  body.        The  test  that  all  the  available  heat  has  been  trans- 
formed is  that  the  entropy  of  the  system  has  not  been  increased. 

If  it  has  the  lost  work  is  proportional  to  the  increase  of  entropy. 
Hence,  increase  of  energy  is  commit ant  with  dissipation  of  energy 
or  rather,  destruction  of  availability. 

(d)  If  a  series  of  equidistant  isothermals  be  drawn  between  two 
adiabatics,  they  will  cut  off  equal  areas;  isothermals  equidistant 
in  temperature  divide  the  heat  into  equal  parts. 

(e)  The  heat  absorbed  or  given  out -by  heat  medium  in  passing  from 
one  state  to  another  is  given  by  the  area  between  the  curve  which 
represents  the  change  of  state  aon  two  adiabatics,  one  drawn  through 
each  extremity  of  the  curve . 

(f )  The  entropy  imparted  in  passing  from,  one  adiabatio  to  another 
is  the  same  by  whatever  path  the  passage  takes  place.        This  is 
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equivalent  to  the  statement  that  the  distance  between  two  parallel 
lines  is  everywhere  the  same. 


IV  Refrigerating  Mediums. 

(l)     The  following  is  taken  from  Hut ton's  Heat  and  Heat  Engines. 

A  refrigerating  medium  may  proper!/  "be  expected  to  meet  as 
many  as  possible  of  the  following  requirements. 

(a)  If  it  is  a  vapor,  it  must  be  volatile  at  low  temperatures, 
but  at  pressures  not  too  far  below  that  of  atmosphere. 

(b)  At  high  temperatures  it  must  not  reach  high  pressures. 

(c)  It  must  be  stable  in  its  composition,  so  as  not  to  alter  by 
the  frequent  evaporations  it  must  undergo,  whether  a  vapor  or  a 
permanent  gas. 

(d)  It  must  have  no  effect  on  metals  convenient  for  use  in  machine 
making. 

(e)  It  must  be  without  effect  on  convenient  lubricants  such  as 
will  have  to  be  used  in  cylinders. 

(f)  It  must  be  non-inflammable  if  leakage  occurs. 

(g)  It  must  be  non-exploFive . 

(h)  It  should  be  without  serious  physiological  effect  on  workers 
around  the  machinery. 

(i)  It  should  not  be  too  costly  to  buy. 


V  Heat  Media  and  Their  Good  Qualities. 

For  the  uses  of  the  process  of  withdrawal  of  heat,  while  some 
of  the  same  media  will  serve,  there  are  other  special  ones  which 
have  "been  tried. 

The  list  includes: 

(1)  Water  vapor. 

(2)  Air. 

(3)  Ether  alone. 

(4)  Ether  mixed  with  S0o  (Du  Motay  "binary  fluid). 

(5)  Anhydrous  sulphurus  acid  or  sulphur  dioxide  (SO2) • 

(6)  Mixture  of  S02  and  C02  (Pictet  fluid). 

(7)  Ammonia  (NH~). 

(8)  Chymogene  or  other  volatile  derivatives  of  petroleum. 
Ether  is  practically  no  longer  in  use,  because  the  compression 

cylinder  has  to  have  a  volume  six  times  that  required  for  the  SOg 
and  sixteen  times  that  for  the  NH^  machine.      This  follows  from  the 
density  of  the  ether  vapor.        It  has  also  to  "be  worked  under  less 
than  atmospheric  pressure,  since  its  tension  at  27°  Fahr.  is  2  or  3 
pounds  per  square  inch,  and  the  tendency  of  air  to  leak  into  the 
machine  oxidizes  ether  to  a  less  volatile  compound.        Ether  is 
also  inflammable  and  acts  on  the  lubricants  to  dissolve  them. 
Such  machines  as  used  in  India  appear  to  have  made  six  pounds  of 
ice  per  pound  of  fuel  used. 

Sulphur  dioxide  is  a  liquid  at  14°  F  and  at  60  to  65°  F  has  a 
tension  of  three  to  four  atmospheres.        It    is  without  effect  on 
grease  used  as  a  lubricant,  and  acts  like  one  itself  to  keep  metal- 
lic surfaces  from  contact.      It  is  not  inflammable  and  is  stable  but 
is  irrespirable .      When  moisture  gets  to  it,  the  active  acid  is 
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f ormed  ,  which  corrodes  metals. 

Carbonic  acid  (C0o)  used  alone  requires  so  high  a  range  of 
pressures  (300  pounds  per  square  inch  on  the  compressing  side  and 
300  pounds  on  the  suction  side)  that  it  is  not  practicable.  The 
mixtures  of  Pictet  and  DuHotay  have  been  displaced  in  America  by  the 
ammonia  systems,  on  account  of  the  convenience  and  cheapness  of  the 
medium  and  because  capital  has  been  attracted  to  invest  itself  in 
the  manufacture  of  this  type  of  machinery. 

The  petroleum-vapors  are  explosive  and  dangerous  to  use,  and 
such  machines  are  only  experimental  as  yet. 

The  water-vapor  machine  uses  a  cheap  and  harmless  medium,  but 
the  cylinders  have  to  be  enormous  if  the  vapor  operates  in  a  com- 
pression cycle.      In  this  case  a  vacuum-chamber  is  required,  in 
which  by  means  of  a  pump,  a  vacuum-pressure  of  about  one -tenth  of  a 
pound  per  square  inch  is  maintained.      For  ice  making  conditions  the 
volume  of  water-vapor  would  have  to  be  150  times  that  of  ammonia. 
The  machine  is  not  in  use  in  America  to  any  great  extent. 

The  air  and  the  ammonia-machines  are  those  of  principal  import- 
ance.     The  air  machine  is  principally  used  on  ship-board,  where 
pungent  vapors  from  any  leakage  would  be  objectionable,  and  partic- 
ularly in  confined  and  ill-ventilated  places. 


VI  Properties  of  Ammonia . 

Ammonia  remains  a  liquid  under  atmospheric  pressure  only  when 
kept  at  the  temperature  of  30  degrees  Fahr.  below  zero  on  that 
scale  and  at  the  usual  atmospheric  temperatures  in  this  climate;  it 
will  be  kept  a  liquid  only  by  maintaining  it  under  a  pressure  of 
115  pounds  above  the  atmosphere.      With  a  reduction  of  pressure  the 
liquid  becomes  a  vapor,  withdrawing  from  the  surrounding  objects  the 
heat  necessary  to  change  its  state.      This  heat  of  vaporization  at 
atmospheric  pressure  is  575  B.  T.  U.,  as  compared  with  966  units  re- 
quired by  water.      The  specific  heat  of  ammonia  liquid  is  1.1,  of 
ammonia  gas  .50836. 

The  equation  of  the  superheated  gas  as  given  by  DeVolson  Wood 

is  PV    n  91  16920 

T  Tv97 

in  which 

p  =  lb.  per  sq.  in . (pressure ) 

v  =  volume  in  cu.  ft. 

T  =  absolute  temperature. 
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VII  Superheated  Vapors. 

When  any  vapor  is  raised  "by  the  application  of  additional  heat 
to  a  temperature  above  that  which  belongs  to  its  equilibrium  of  tem- 
perature and  pressure  when  in  contact  with  its  liquid,  it  is  called 
superheated.      The  effect  of  superheating  is  to  make  it  possible  for 
some  heat  to  be  withdrawn  from  the  superheated  vapor  before  it  pass- 
es to  the  saturation  stage,  after  which  further  removal  of  heat  re- 
sults in  condensation.      Superheating  occurs  in  effect  when  any  vap- 
or passes  through  a  narrow  opening  or  constriction  of  passage  such 
as  is  caused  by  a  partly  closed  valve.       On  the  one  side  is  the 
higher  potential  of  greater  pressure  while  upon  the  other  side  is  a 
volume  too  large  to  be  filled  as  rapidly  as  it  is  created  if  the 
flow  must  be  through  the  constricted  passage.      Hence  a  lower  press- 
ure prevails  beyond  the  constriction  and  yet  no  heat  has  been  abs- 
tracted except  that  required  to  do  the  work  represented  by  the  fric- 
tion of  the  vapor  through  the  orifice.      Hence  the  practical  effect 
is  to  produce  a  vapor  in  the  space  beyond  the  valve  which  is  hotter 
than  the  temperature  belonging  to  the  pressure  there  or  which  is  by 
defirioion  superheated.      Superheated  vapor  may  be  made  so  hot  that 
between  limits  of  its  use  in  any  machine  it  may  behave  as  a  perman- 
ent gas. 
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VIII  Construction  of  Chart  I  for  Saturated  Vapor  of  Ammonia. 

(a)  The  Liquid  Curve. 

The  liquid  curve  shows  the  entropy  of  the  liquid  at  the  differ- 
ent absolute  temperatures,  just  before  it  changes  into  a  vapor. 
The  value  of  the  entropy  of  the  liquid  is  given  by  the  general  form- 
ula 

ae  =  fla_ 

but  dO-  cdt 

where  c  denotes  the  specific  heat  of  the  liquid 
and  t  its  temperature. 

Thus  we  have 

d9  a  or  90minus  ©.=  clog«l2 

T  ^  J  eTi 

It  is  assumed  that  9-±  =  0  for  t  =  0,  that  is  for  T  =  492.7° 
Hence  for  temperatures  below  0°  Fahr.,  9  has  negative  values. 
The  various  values  of  9  are  shown  in  table  I. 

(b)  The  Saturation  Curve. 

The  saturation  curve  shows  the  entropy  of  the  vapor  when  com- 
pletely saturated  at  different  absolute  ter.peratures .       It  is  obtain- 
ed from  the  following  formula: 

$  -  9  plus-f- 
in which  9  denotes  the  entropy  of  the  liquid, 
r  the  heat  of  vaporization 
The  values  of  (/  are  plotted  along  their  corresponding  absolute 
temperatures,  and  the  curve  drawn  through  them.      The  various  values 
are  shown  in  table  I. 
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1  A  B  L  E    E  0.  I. 


o-o-o-o— O—O— 0-0-0— O— O— 0—0— o— o-o ■•0—Q->0 -o-o— O— 0—0— o— o— o— o-o— o-o— o— o 


T 

o-o— o— o- 
420.66 

• 

• 

0 

• 
• 

Q 

-0—0—0—0— 

-  79 

:  9 

0—0-0-0-0-0 

-.1737 

:  r 

-o— o—o— o—o— 

:  579.67 

0— c 

r/T 
-O— o— o— o— 
1.3778 

• 
• 

0 

• 
• 

0 

-0  — 

r/T  =  j 
o— o— o— o— ' 
1.2041 

430.66 

: 

-  68 

:  -.1482 

:  573.69 

1.3319 

• 
• 

1.1837 

440.66 

: 

-  57 

- . 1229 

:  567.67 

1.2881 

: 

1.1652 

450.66 

: 

-  46 

:  -.0982 

;  561.61 

1.2468 

: 

1.1479 

460.66 

: 

-  35 

:  -.0738 

:  555.50 

1.2057 

: 

1.1319 

470.66 

: 

-  24 

:  -.0501 

549.35 

1.1670 

: 

1.1169 

480.66 

: 

-  14 

:  -.0271 

:  543.15 

1.1299 

: 

1.1028 

490.66 

: 

-  2 

:  -.0044 

536.92 

1.0941 

: 

1.0897 

500.66 

: 

9 

:  .0177 

:  530.63 

1.0597 

: 

1.0774 

510.66 

: 

20 

:  .0395 

!  524.30 

1.0266 

: 

1.0661 

520.66 

: 

31 

:  .0608 

:  517.93 

.9946 

: 

1.0554 

530.66 

: 

42 

• 

:  .0817 

;  511.52 

: 

.9638 

: 

1.0455 

540.66 

: 

53 

:  .1023 

:  505.05 

• 

.9340 

: 

1.0363 

550.66 

: 

64 

:  .1224 

:  498.11 

• 

.9045 

: 

1.0269 

560.66 

: 

75 

:  ,1423 

:  492.01 

• 

.8774 

I 

1.0197 

570.66 

: 

86 

:  .1615 

:  485.42 

.8505 

: 

1.0120 

580.66 

: 

97 

:  .1806 

:  478.79 

• 

.8245 

: 

1.0051 

590.66 

: 

107 

:  .1993 

:  477.11 

• 

.7992 

.9985 

600.66 

119 

:  .2178 

:  465.39 

.7747 

.9925 

610.66 

130 

:  .2359 

:  458.62 

: 

.7509 

.9868 

620.66 
o-o-o-o- 

0 

141 

-O-O-O-O- 

.2538 
o-o-o-o-o-o 

:       451.81  t 

-0-0-0-0-0-0-0 

.7279  : 

-0-0-0-0-0 

-0- 

.9817 
o-o-o-o- 
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(c)  Constant  Pressure  Lines. 

The  values  of  (p)  were  taken  from  the  table  In  Wood's  Thermody- 
namics, in  interpolated  between  the  temperature  lines. 


TABLE    O.  2, 


-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o- 

Pressure  per  sq.  ft.  :  Temperature, 

-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o -o-o-o-o-o-o-o-o-o-o-o- 


20  lb. 

40  " 


70 
100 
125 
150 
175 
200 
225 
250 
275 
300 
325 
350 
400 
450 
500 


if 
tt 
it 
it 
it 
it 
ii 
tt 
♦i 
tt 
tt 
tt 
ti 
ti 
tt 


-16.95  degrees 
11.30  ■ 


37.85 
56.05 
68.10 
73,35 
87.35 
95.05 
102.75 
109.50 
115.65 
121.40 
126.80 
131,90 
141.96 
149.96 
157.80 


-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o- 
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(d)  Constant  Quality  Lines. 

The  constant  x  lines  or  the  lines  which  show  the  quality  of  the 
vapor  were  found  by  dividing  the  horizontal  distance  between  the 
saturation  and  liquid  curves  into  ten  equal  parts  and  drawing  curves 
through  these  points. 

(e)  Constant  Volume  Lines. 

Points  on  the  constant  volume  lines  were  found  from  the  formula 
v  =  xu 

Nov;  at  any  temperature  u  and      are  known,  and  the  quality  x  for  any 

given  volume  can  be  found  from  the  formula, 

x  =  v-  -  °~ 
u 

The  process  can  be  shown  more  clearly  for  any  volume  by  going 
through  the  actual  operations,  say  1  cu.  ft. 

Let  us  take  a  temperature  of  20  degrees  Fahr.      For  this  value, 
u  a  5.317  and   G~  =  .0252.      Let  m  denote  the  horizomtal  distance 
between  the  liquid  and  saturation  curves  at  the  temperature  in 
question;  then  if  the  quality  of  the  mixture  is  x,  the  product  mx 
gives  the  distance  of  the  point  representing  the  state  of  the  mix- 
ture from  the  liquid  line.  From 

x  =  v—  °~ 

u 


-  k, 


mx  =  ■ mv    _    m  <T  -  mv 
u  u  u 

since      mJT   is  a  constant. 

u 

At  20  degrees  the  width  m  is    $££  in.  or  565  units,  if  JU  in. 

50  50 

is  for  convenience  taken  as  the  unit  unit  of  measurement. 
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Hence  k  -  =  sc*  *10SS    =  0.45. 

u  5  .R]  7 

and    mX  ■  |£|y?  V  -  2.45  =  97v  -  2.45 

Now  for  different  values  of  v,  we  obtain  values  of  mx. 
Thus  for  v  =  1  mx  =  94.55 

■  V  =  2      •  mX  a  191.55 

■  v  ■  3  mx  a  198.55 
etc.  etc, 

The  values  of  mx  from  an  arithmetical  progression  with  97  as 
the  common  difference. 

To  locate  the  volume  points,  on  the  20  degree  line  we  lay  off 

>4.! 

50 


°4  55 

from  the  liquid  line       — in.  and  then  in  succession  step  off  seg- 


97 

ments  f*  in,  long.  These  locate  the  points  for  the  volumes  2,  3, 
4,  etc.  cubic  feet. 

In  the  same  way  we  can  find  v  for  any  other  temperature.  u 
and        are  taken  from  the  tables  and    £    the  width  of  the  chart, 
either  from  the  table  or  chart. 

A  table,  giving  the  values  of  s,        u,  and  r/T  in  fiftieths, 
is  found  on  the  next  page. 
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TABLE    NO.  3. 


o-o-o-o-o-o 
Volume 

of 
Vapor. 

s. 

o-o-o-o-o-o 


-0-0-0-0-0-0 

Volume 

of 
Liquid. 

-o-o-o-o-o-o- 


o-o-o-o-o-o-o 
Difference 
in 
Volume • 
u. 

o-o-o-o-o-o-o 


o-o-o-o-o-o-o 
Temperature 
in 

Degrees  Fahr. 
T. 

o-o-o-o-o-o-o 


o-o-o-o-o-o-o- 
Entropy 
in 

Fiftieths. 
r/T. 
o-o-o-o-o-o-o- 


24.372  : 

.0234  : 

24.3486 

:           420.66  : 

688 

18.697  : 

.0237  : 

18.6733 

J            430.66  : 

666 

14.507  : 

.0240  : 

14  .4350 

:           440.66  : 

644 

11.384  : 

.0243  : 

11.3597 

:           450.66  : 

623 

9.027  : 

.0246  : 

9 .0024 

:           460.66  : 

603 

7.229  : 

.0249  t 

7.2041 

:           470.66  : 

583 

5.842  : 

.0252  : 

5  .8168 

:           480.66  : 

565 

4.763  : 

.0254  : 

4.7376 

:          490.66  : 

547 

3.914  : 

.0257  : 

3.8883  . 

:           500.66  : 

530 

3.242  : 

.0261  : 

3.2159 

:          510.66  :  . 

513 

2.704  : 

.0265  : 

2.6775 

:           520.66  : 

497 

2.271  : 

.0268  : 

2.2442 

:           530.66  : 

482 

1.920  : 

.0272  : 

1.8928 

:           540.66  : 

467 

1.632  : 

.0274  : 

1.6046 

550.66  : 

452 

noon  • 

1  /Ul 

X                QOUiOO  1 

*t<->0 

1.203  : 

.0283  : 

1.1747 

:           570.66  : 

425 

1.045  : 

.0287  ; 

1.0163 

:           580.66  : 

412 

.905  : 

.0291  : 

.8759 

:           590.66  : 

399 

.791  : 

.0295  : 

.7615 

:           600.66  : 

387 

.G95  : 

.0299  : 

.6651 

:           610.66  : 

375 

.613  : 

.0304  : 

.5826 

:           620.66  : 

364 

i-O-O-O-O-O— o- 

O-O-O-O-O-O- 

o-o-o-o-o 

- o-o-o-o -o-o-o-o-o-o- 

o-o-o- 
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IX. 


Superheated  Region  of  Ammonia. 


(a) 


Constant  Pressure  Lines 


To  find  any  constant  pressure  lines  in  the  superheated  region, 
the  entropy  of  the  saturated  vapor  at  this  pressure  was  taken  from 
the  chart,  to  this  was  added  the  entropy  of  the  vapor  at  different 
temperatures  found  from  the  formula 


where  Cp  denotes  the  specific  heat  of  the  gas,        the  temperature 
of  the  pressure  at  the  saturation  point,  and  Tg  any  assumed  temper 
ature . 

The  following  operations  showing  the  actual  calculations  for 
one  line,  will  illustrate  these  facts  more  fully. 

Take  a  pressure  of  200  lb.  for  example;  we  find  that  the  cor- 
responding temperati    e  and  entropy  at  the  saturation  point  to  "be 
556°  P  and  1.205.    the  specific  heat  of  the  gas  -.508.        We  can 
assume  any  value  for  Tg,  say  we  take  535°  F  then  we  have  the  rela- 
tion 


Cp  loge  — --  =  .508  X  .0518  =  .9253  =  02. 
Tl 

In  the  same  way  we  can  find  points  corresponding  to  this  pressure 


we  get  the*  constant  pressure  line  which  corresponds  to  this  pres- 
sure of  200  l"b. 


0  =  Cp  loge   

Tl 


for  any  other  value  of  T^ 


Connect  these  points  "by  a  curve  and 


(b)  Constant  Volume  Lines. 

The  constant  volume  lines  were  found  from  the  following  formula 
taken  from  Wood's  Thermodynamics : - 

pv  __  Q.  16920 
T       "  1 1  "  Tv.97 

v  being  assumed,  the  pressure  for  the  different 
temperatures  were  found  from  the  formula. 

For  example  let  us  take  v  =  3  cubic  feet,  then  we  have  by  sub- 
stituting  in  the  formula 

n  -     01  T  16920 

1        144  %  3       3.°^  144  ^  S 

p  =   .211  T  -  13.5 

For  T  -  530.6,  we  get  p  =  98.5 

"     T  =  550.6,     »     "     p  =  102.5 

The  pressure  at  any  other  temperature  for  this  volume  may  be 
found  in  this  way. 
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